Mild acid response nanocarriers have been intensively attracted interest in the field of drug delivery on the account of the responsive property to abnormal physiological environment as well as the original property to normal physiological environment. However, the drug delivery system lacks capacity of precise localization to abnormal tissue or targeted cells. Therefore, a magnetic and pHsensitive composite nanoparticle was designed and prepared by double water-in-oil-in-water (W/O/W) emulsion using acetylated β-cyclodextrin (Ac-β-CD) as a dominant material to realize the pH response and Fe 3 O 4 as a component to realize magnetic response. The surface chemical characteristic was characterized by Fourier-transformed infrared spectroscopy (FTIR) using pure Ac-β-CD nanoparticle as a control and exhibits the typical chemical characteristic of Ac-β-CD. Furthermore, the structural information was tracked by X-ray diffraction (XRD) and thermogravimetric analysis (TG). It was found that composite nanoparticle possessed structural characteristic of both Ac-β-CD and Fe 3 O 4 . Composite nanoparticle exhibited sphere and two-phase morphology with the diameter of about 200-250 nm depending on their detection method and zeta potential of −12 to −14 mV. More importantly, irreversible pH response property and reversible magnetic responsive properties either in neutral environment or in mild acid environment for the composite nanoparticle were confirmed in the research. Finally, drug loading and release behavior were investigated through preliminary in vitro evaluation.
Introduction
Stimulus-response nanoparticles attract increasing interest on the account of adjustable property response to stimulus of externalities [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Among these, acid response nanoparticle and magnetic response nanoparticle are frequently used as drug carriers in view of the difference between normal physiological environment (pH 7.4) and abnormal physiological environment (pH lower than 6.0) [4] [5] [6] [7] [8] 10] . Further, since biocompatibility and biodegradability are fundamental requests for a drug carrier, a large number of natural polymers like peptides, proteins, and polysaccharides have been chosen to fabricate nanocarriers for drug delivery due to their good biocompatibility and natural biodegradability [10] [11] [12] [13] . However, in most cases, traditional natural polymers lacked of a responsive functional group that response to external stimulus, which restricted their application. Recently, the emerging of acetylated polysaccharides, which had response to acid environment (pH 5.5-6.0) due to the dissolution of acetylated groups, changed the situation [7, 14, 15] . Thus, in the recent research including our own research, the acetylated materials have been intensively concerned and prepared to various carriers including nanoparticle, composite nanocarrier, and nanofiber for drug delivery, gene delivery, and RNA delivery [7, 14, 15] . Although these acid-responsive nanocarriers had succeeded to realize the effective delivery of drug to intracell or abnormal tissue, they were hardly delivered to targeted cell or tissue on the account of lacking the antibody recognition system or targeting system. Therefore, dual-response nanoparticle is still needed for more effective drug or gene delivery.
Targeting drug delivery system is proven to be effective methods for precise location [16, 17] . Magnetic response property was another frequently used method to design and prepare a passive targeting nanocarrier system, which can aggregate objective tissue under the action of the magnetic field. Generally, magnetic nanoparticle is Fe 3 O 4 prepared by a hydrothermal method [5, 6] . But pure Fe 3 O 4 nanoparticle is easy to aggregate and lacks biocompatibility. Thus, surface modification using functional polymers was often used to enhance their biocompatibility and improve their dispersibility [15] . In view of their good biocompatibility and natural biodegradability, natural amphiphilic compounds were ideal modifiers for the surface modification of Fe 3 O 4 nanoparticle. Therefore, in the work, a magnetic and pH-sensitive composite nanoparticle was designed using Fe 3 O 4 nanoparticle as cores endowing magnetic property and acetylated material as a continuous phase of nanocarrier endowing pH response property. Simultaneously, acetylated material could play a role in stabilizing Fe 3 O 4 nanoparticle.
In the field of drug delivery, β-cyclodextrin (β-CD) has been intensively used because inclusion effects between β-CD molecules and drug molecules could help drug loading and control drug releasing [15, 18, 19] . Based on these foundations, biocompatible acetylated β-CD (Ac-β-CD) nanoparticle was previously synthesized and fabricated by a single microemulsion evaporation method using gelatin as an emulsifier, which endowed the biocompatibility to nanoparticle. Then, various pH-responsive cyclodextrin-based nanoparticle composite hydrogels were prepared for drug delivery. Since the microemulsion method was an effective and efficient method to fabricate Ac-β-CD nanoparticle, double emulsion was applied to prepare Fe 3 O 4 composite Ac-β-CD nanoparticle in consideration of water dispersibility for Fe 3 O 4 nanoparticle in the work.
Experiment Section
2.1. Materials. Gelatin, β-cyclodextrin (β-CD), 2-methoxypropene, pyridinium 4-toluenesulfonate, anhydrous dimethyl sulfoxide (DMSO), and dichloromethane (DCM) were purchased from Shanghai Medicine and Chemical Company, China. Camptothecin (CPT) and dialysis tube (Mw: 8000-14,000) were from Sigma. Fe 3 O 4 nanoparticle (20 nm) was bought from Nanjing Emperor Nano Material Co. Ltd. All other reagents and solvents were of analytical grade and used as received.
Synthesis of Magnetic and pH-Sensitive Composite
Nanoparticle. In the first step, acetylated β-CD (Ac-β-CD) was synthesized according to acetylation reaction [15] . Briefly, 20 times of 2-methoxypropene was reacted with β-CD in anhydrous DMSO for 1 h at 30°C and catalyzed by 5 mM pyridinium p-toluene sulfonate. Ac-β-CD was obtained by precipitation in basic water, filtration, and lyophilization.
Magnetic and pH-sensitive composite nanoparticles were prepared by a double microemulsion method. Briefly, Fe 3 O 4 nanoparticle was dispersed in 3% gelatin solution (pH 7.5) to obtain 1 mg/mL or 0.1 mg/mL Fe 3 O 4 nanoparticle solution, which was emulsified via probe sonication (Scientz, JY92-II) into 1 mL of 10% w/v Ac-β-CD/DCM solution. The obtained emulsion was further emulsified into 6 mL of 3% w/v gelatin solution, which was immediately added into 20 mL of 1% w/v gelatin solution to evaporate DCM under stirring. After 10 h, composite nanoparticles were collected by centrifugation (14,000 rpm, 10 min), washed by basic water, and lyophilized in the end. Composite nanoparticle from 1 mg/mL Fe 3 O 4 nanoparticle was denoted as com-nano 1; composite nanoparticle from 0.1 mg/mL Fe 3 O 4 nanoparticle was denoted as com-nano 2.
2.3. Characterization of Nanoparticles. The final composite nanoparticles were characterized by Fourier-transformed infrared spectroscopy (FTIR, Nicolet IS10) using pure Ac-β-CD nanoparticle and the previous method as a control. The structural information was characterized by X-ray diffraction (XRD, Advance D8) using pure Fe 3 O 4 nanoparticle as a control, thermogravimetric analysis (TG, STA409), dynamic light scattering (DLS, nano ZS), transmission electron microscope (TEM, Tecnai 12), and vibrating sample magnetometer (VSM, Squid-VSM). The magnetic and pH response property was tracked by observation and confirmed by optical photos.
In Vitro Evaluation of Drug Loading and Releasing
Behavior. An anticancer drug (CPT) was chosen as a model drug to be encapsulated into abovementioned nanoparticle during the process of nanoparticle fabrication. Briefly, 1 mg/mL Fe 3 O 4 nanoparticle solution was emulsified via probe sonication (Scientz, JY92-II) into 1 mL of 10% w/v Ac-β-CD/DCM solution containing 5 mg/mL CPT using 100 μL DMSO as a cosolvent for CPT, which was further emulsified via probe sonication into 3% gelatin aqueous solution, just as mentioned above. Final drug loading nanoparticles were obtained by centrifugation (14,000 rpm, 10 min), washed by basic water, and lyophilized, just as mentioned above.
Quantification of CPT was accomplished by a spectrophotometric method. Firstly, nanoparticle suspension was dialyzed in 15 mL 1 mM HCL solution to dissolve all nanoparticles to qualify the loading CPT amount. Absorbance of HCL dialysis solution at 360 nm was detected by UV spectroscopy (Cary 50). The loading CPT amount was obtained by calculation of the absorbance by referring to the standard curve. Secondly, for CPT release assay, nanoparticle suspension was dialyzed in 15 mL water solution with different pH values. At appropriate intervals, 3 mL released dialysis solution was withdrawn and recorded the absorbance at 360 nm to calculate the cumulative CPT release amount using the same method. Simultaneously, 3 mL fresh solution was supplemented into dialysis solution.
Result and Discussion
The magnetic and pH-sensitive composite nanoparticle was obtained by a double emulsion method, which was shown in Figure 1 . In the procedure, Fe 3 O 4 nanoparticle was incorporated and encapsulated in Ac-β-CD solution by emulsification, which formed W/O first emulsion. Then, composite nanoparticle was formed after solvent of DCM was evaporated in W/O/W second emulsion. Herein, 3 kinds of nanoparticle had been fabricated using the condition in Table 1 .
In order to clarify the surface characteristic, composite nanoparticle was detected by FTIR using pure Ac-β-CD as a control, as shown in Figure 2 . According to the previous 2
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that are characteristic bands for the -C(CH 3 ) 2 group, as well as the significant attenuated absorption at 3427 cm −1 due to hydroxyl group, suggested the structure of acetal groups. Moreover, absorbance bands at 1446 cm −1 belonging to carboxylic acid peak suggested the existence of gelatin. No obvious difference was found among the three samples, which indicated that they had similar chemical structure on the surface of nanoparticle. These results indicated that composite nanoparticle exhibited similar surface chemical characteristic to pure Ac-β-CD nanoparticle. That was, the composite nanoparticle possessed similar properties to pure Ac-β-CD nanoparticle, especially for those properties related to surface characteristic. For example, since pH-sensitive property was due to degradation of acetal groups on the surface of nanoparticle, composite nanoparticle possessed similar pHresponsive property. In another aspect, Fe 3 O 4 did not appear in the surface of composite nanoparticle.
The structural information was characterized by XRD ( Figure 3 to amorphous state of Ac-β-CD were obviously found in Figure 3 . Not surprisingly, the structure of Ac-β-CD played a dominant role in the XRD spectrum since Ac-β-CD was predominantly located in composite nanoparticle (Table 1) . Besides these, for com-nano 1, small sharp peaks at 35.6°, 56.9°, and 62.7°were also located in the XRD spectrum, which confirmed the existence of small amount of Fe 3 O 4 structures; for com-nano 2, small sharp peaks were hardly witnessed in the XRD spectrum, which was due to a higher weight ratio of Ac-β-CD to Fe 3 O 4 . Combined with the abovementioned FTIR result, Fe 3 O 4 was assumed to encapsulate in the interior of composite nanoparticle. Two-stage weight loss was witnessed for composite nanoparticle in the TG curve from room temperature to 600°C in Figure 4 . In view of composite nanoparticle, unstable groups such as bound water and acetal groups were first degraded under the high temperature environment, then covalent bond between carbons of β-CD could be degraded at several hundred degrees centigrade, but Fe 3 O 4 was stable at that temperature. Therefore, the obvious 20% weight loss between 200°C and 230°C was due to the loss of bound water as well as degradation of acetal groups, and the obvious 60% weight 3 Journal of Nanomaterials loss at 330°C was due to the whole degradation of β-CD. For com-nano 1, 10% slow weight loss between 350°C and 600°C was witnessed, which was due to the slow degradation of Fe 3 O 4 nanoparticle, but for com-nano 2, no another slow weight loss between 350°C and 600°C was found due to less Fe 3 O 4 amount in nanoparticle.
The information of nanoparticle's size and morphology was detailed and listed in Table 1 and shown in Figure 5 . Composite nanoparticle exhibited sphere morphology and obvious two-phase structure with the continuous phase and multicore phase ( Figure 5) . Additionally, the continuous phase was assumed to be Ac-β-CD since it is a dominant material for composite nanoparticle; inner cores were assumed to be Fe 3 O 4 nanoparticle with suitable size. Average diameter size of composite nanoparticle was about 200 nm (Table 1) , regardless of Fe 3 O 4 nanoparticle concentration. The effective diameter of nanoparticles by DLS detection was between 220 nm and 250 nm, and no significant difference was found among different nanoparticles in view of Fe 3 O 4 nanoparticle concentration, which was consisted with TEM results. Differently, the diameter by the DLS test was larger than that by TEM images, which might be a reason of a larger hydrated radius in solution than died radius. Moreover, the zeta potential is between −12 mV and −14 mV without obvious significant difference among nanoparticles. The results further confirmed the inner and outer structures of composite nanoparticle.
The pH-responsive property of Ac-β-CD nanoparticle, which was induced by degradation of acetal groups and witnessed by transparency variation of nanoparticle solution, had been confirmed by the previous research [15] . Along transparency difference, surface morphology was also witnessed its pH-responsive property [15] . Moreover, pHsensitive range and responsive time of Ac-β-CD could be adjusted according to the structure of Ac-β-CD. The detailed description was listed in our previous research [15] . Just as above-mentioned, composite nanoparticle possessed similar pH-responsive property to Ac-β-CD nanoparticle. Therefore, no systematic investigation of pH-responsive property was needed for composite nanoparticle; just a simple proven method of observation for transparency of nanoparticle solution was used in the research, which was shown in Figure 6 . Simultaneously, magnetic responsive properties of comnano 1 were also shown in Figure 6 . In neutral solution, com-nano 1 could disperse homogeneously with whiteblack color. Under magnetization, nanoparticles were reversibly attracted to the side of magnetic field leaving halftransparent solution, which confirmed the magnetic responsive properties of com-nano 1. After the magnetic field was removed, the solution could recover the original homogeneously white-black color. Furthermore, if the pH value of solution is adjusted to 5.5, the solution became transparent with black color, which indicated the degradation of acetal groups and the dissolution of Ac-β-CD according to the previous research. But differently, the process is irreversible. In addition, dissolved nanoparticle exhibited reversible magnetic responsive properties in acid solution (pH 5.5). All these results confirmed that com-nano 1 had pH-responsive and magnetic responsive properties. Unfortunately, com-nano 2 had not exhibited obvious pH-responsive and magnetic responsive properties.
In order to characterize the magnetic property, magnetic hysteresis curves of com-nano 1 and acid dissolved comnano 1 were measured at room temperature over the range of −8 to 8 kOe in Figure 7 (b) using Fe 3 O 4 nanoparticle as a control (Figure 7(a) ). The saturation magnetization of comnano 1 and acid dissolved com-nano 1 was calculated to be 0.2 and 0.8 emu/g, respectively. Although the saturation magnetization of either com-nano 1 or acid dissolved com-nano 1 was very low compared with the saturation magnetization of Fe 3 O 4 nanoparticle, nanoparticle still possessed operable responsive property. Composite nanoparticles exhibited obvious two-phase structure with the continuous phase and multicore phase.
Finally, in vitro evaluation of drug loading and releasing using CPT as a model drug was conducted to investigate the potency nanoparticle as drug carriers. Based on the fact Journal of Nanomaterials that CPT was encapsulated in nanoparticle as a form of solution and unencapsulated CPT was removed from the nanoparticle system, it was found that drug loading efficiency was 75%. The solubility in pH 7.4 is investigated by the previous research [20] . Moreover, the CPT solubility in medium pH 5.5 was about 7.25 μg/mL, which had no significant difference with its correspondent solubility in medium pH 7.4. Therefore, we think that the drug release behavior shown in Figure 8 is real pH-sensitive release, not apparent. In neutral environment (pH 7.4), drug could be gradually released from com-nano 1 in the beginning 20 h, while in mild acid environment (pH 5.5), drug could be burst released 
Conclusion
A magnetic and pH-sensitive composite nanoparticle could be easily fabricated by double water-in-oil-in-water (W/O/ W) emulsion. The formed composite nanoparticle had similar surface chemical characteristic to pure Ac-β-CD nanoparticle; they exhibited both amorphous state of Ac-β-CD structure and some other crystal structure of Fe 3 O 4 by XRD spectrum; they had three parts of obvious weight loss belonging to loss of bound water, degradation of acetal groups, and degradation of β-CD, respectively. Composite nanoparticle exhibited sphere and two-phase morphology with the diameter of about 200-250 nm depending on their detection method and zeta potential of −12 to −14 mV. The composite nanoparticle exhibited irreversible pH response property and reversible magnetic responsive properties either in neutral environment or in mild acid environment. Furthermore, the saturation magnetization of com-nano 1 and acid dissolved com-nano 1 was 0.2 and 0.8 emu/g. Finally, it was found that drug loading efficiency was 75%, and drug release behavior exhibited pH-dependent property through preliminary in vitro evaluation.
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